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Introduction {#sec009}
============

More and more evidence show that monozygotic twinning (MZT) occur more often after assisted reproductive technologies (ART) than after spontaneous conceptions\[[@pone.0186813.ref001]--[@pone.0186813.ref005]\]. According to the embryo splitting time, there can be classified with three types of monozygotic: dichorionic-diamniotic(DC-DA), monochorionic-diamniotic (MC-DA) and monochorionic-monoamniotic (MC-MA). Of which, monochorionic-diamniotic (MC-DA) twin occupies most of the proportion of the incidence in monozygotic twinning\[[@pone.0186813.ref006]--[@pone.0186813.ref009]\]. Monochorionic twinning is generally associated with many maternal and fetal complications, including twin--twin transfusion syndrome, umbilical cord accidents, twin anemia--polycythemia syndrome, and fetal anomalies, compared with dichorionic pregnancies. Perinatal mortality rates are always higher with MC-DA twins than with dichorionic twins\[[@pone.0186813.ref006], [@pone.0186813.ref007], [@pone.0186813.ref010], [@pone.0186813.ref011]\].

Although the exact mechanisms involved in the increased incidence of MZT in the group of patients treated with ART is still not clear yet, there have be several publications address towards the potential reasons for this phenomenon. Previous studies have pointed out that the use of gonadotropin ovarian hyper stimulation \[[@pone.0186813.ref012]\], age of the patient \[[@pone.0186813.ref004], [@pone.0186813.ref013], [@pone.0186813.ref014]\], micro-manipulation techniques of zona pellucida, such as occurs with AH,PGD and ICSI\[[@pone.0186813.ref004], [@pone.0186813.ref015]--[@pone.0186813.ref017]\], blastocyst transfer\[[@pone.0186813.ref014], [@pone.0186813.ref018]--[@pone.0186813.ref021]\], culture medium conditions\[[@pone.0186813.ref022]\], genetics \[[@pone.0186813.ref009], [@pone.0186813.ref023]\], and embryo cohort quality \[[@pone.0186813.ref024]\]may confer the risk for developing MZT pregnancies. However, no general agreement on the cause has been reached to date \[[@pone.0186813.ref001], [@pone.0186813.ref002], [@pone.0186813.ref014], [@pone.0186813.ref024], [@pone.0186813.ref025]\].

Therefore, we performed a retrospective study of the embryological and clinical data in a large cohort of clinical pregnancies after ART in our center, in order to examine the potential risk factors between the ART procedures and specific patient characteristics.

Materials and methods {#sec010}
=====================

Study population {#sec011}
----------------

This study retrospectively reviewed all clinical pregnancies from fresh or frozen embryo transfer (ET) cycles with autologous oocytes performed in our center between January 2011 and August 2016. In order to standardize the embryo cohort quality analysis, donor oocyte cycles were excluded. All patients underwent ovulation induction, ultrasound-guided oocyte retrieval, conventional IVF or ICSI, and embryos transfer. Transfer order was determined by patients and their physician, in consultation with the embryology team. This study was approved by the institutional review board of the First Affiliated Hospital, Anhui Medical University.

Clinical outcome {#sec012}
----------------

All pregnant patients were confirmed by detection of fetal heart activity on the use of trans-vaginal ultrasound by early first-trimester (7 to 8 weeks). Monozygotic twinning pregnancies were identified when the number of fetal heart beats exceeded the number of embryos transferred, and MC-DA pregnancies were identified when more than one fetal poles was visualized in one gestational sac (GS). Mono-amniotic twin pregnancies were characterized by the presence of a single amniotic cavity and yolk sac within one GS with one chorionic, this type of monozygotic twinning pregnancies were very rare\[[@pone.0186813.ref008]\].Ultrasound detection of monozygotic and dizygotic twins may be in error when more than one embryo was transferred. As they share the same obstetrical outcome, we laid the focus on the MC-DA pregnancies.

Data analysis {#sec013}
-------------

Maternal age, micro-manipulation techniques (ICSI), length of culture (cleavage or blastocyst-stage), and the number of embryos transferred were analyzed between the MZ and non-MZ groups. MZT rates per ET were evaluated using multivariable logistic regression to account for the above-mentioned study parameters. We also performed a subgroup analysis dividing the sample according to the type of ET. In the subgroup of frozen embryo transfer(F-ET) cycles, whether hormone replacement associated with MZT rates or not was also analyzed. In all cases, a *P*-value was considered significant if \<0.05. For the statistical analysis, we used Stata Software version 13.1 (Stata Corp, College Station, Texas,USA).

Results {#sec014}
=======

The incidence of MZ twinning {#sec015}
----------------------------

From January 2011 to August 2016, 8860 pregnancies (3034 resulting from fresh embryos transfer cycles and 5826 from frozen cycles) were conceived. The overall incidence of MZ twinning among all clinical pregnancies was 2.55% (226/8860). [Fig 1](#pone.0186813.g001){ref-type="fig"} showed the incidence of MZT from 2011 to 2016 in our center, a very high MZT rate range from 1.82% to 3.2% of clinical pregnancies were found in the latest 6 years.([Fig 1](#pone.0186813.g001){ref-type="fig"}). When categorized according to the type of cycle attempted, the incidence was 2.67% (81/3034) for fresh embryo transfer cycles, and 2.49% (145/5826) for frozen--thawed embryo transfer cycles([Table 1](#pone.0186813.t001){ref-type="table"}). The couples who underwent ICSI had a similar MZT rate(2.44%, 149/6099) with couples who underwent conventional IVF (2.79%,77/2761). The MZT rate that resulted from single embryo transfer (SET) cycles (1.99%) was slightly lower than multiple embryo transfer cycles (2.61%), but with non-significance. Of note is that the rate of MZT with blastocyst transfer (2.79%) was significantly higher than cleavage-stage embryos transfer (2.02%, *P* = 0.008). When compared with older maternal age(≥35 years), MZT is more likely to happen in embryo transfer to females with younger age(*P* = 0.001).

![The incidence of monochorionic diamniotic(MC-DA) twinning in the last six years.\
Trends in MC-DA twinning for fresh, frozen and all embryo transfer cycles from 2011 to 2016.](pone.0186813.g001){#pone.0186813.g001}

10.1371/journal.pone.0186813.t001

###### Analysis of monozygotic twin (MZT) risk factors by multivariate logistic regression.

![](pone.0186813.t001){#pone.0186813.t001g}

  -----------------------------------------------------------------------------------------------
                     MZT(MC-DA)\   Non-MZT\       total                       *P*   OR\[95%CI\]
                     (N = 226)%    (N = 8634)%                                      
  ------------------ ------------- -------------- --------------------------- ----- -------------
  Type of cycles                   0.134          0.798\[0.594--1.072\]             

  Fresh cycles       81(2.67%)     2953(97.33%)   3034                              

  Frozen- cycles     145(2.49%)    5681(97.51%)   5826                              

  Maternal Age                     **0.001**      **0.412\[0.247--0.687\]**         

  \<35 years old     210(2.81%)    7268(97.19%)   7478                              

  ≥35 years old      16(1.16%)     1368(98.84%)   1384                              

  Insemination                     0.302          1.159\[0.876--1.533\]             

  Conventional IVF   149(2.44%)    5951(97.56%)   6100                              

  ICSI               77(2.79%)     2683(97.21%)   2760                              

  SET or not                       0.186          1.419\[0.845--2.384\]             

  SET                16(1.99%)     788(98.01%)    804                               

  Multi-ET           210(2.61%)    7846(97.39%)   8056                              

  Embryo stage                     **0.008**      **1.568\[1.127--2.181\]**         

  Cleavage           56(2.02%)     2719(97.98%)   2775                              

  Blastocyst         170(2.79%)    5915(97.21%)   6085                              
  -----------------------------------------------------------------------------------------------

MC-DA, monochorionic-diamniotic; SET, Single embryo transfer; OR, odds ratio; CI, confidence interval; Boldface: *P*\<0.05

Risk factors in the subgroups included fresh and frozen cycles {#sec016}
--------------------------------------------------------------

In an attempt to identify potential risks of MZT pregnancy, we performed a series of studies to examine the relationships between MZT pregnancy and various ART procedures. Since the circumstances of these patients differed, we divided the data into two groups according to the type of embryo transfer (ET). In the fresh ET group, we found that monozygotic twinning occurred in 30 of 1001 cycles (3.00%) with ICSI and 51 of 2033(2.51%) with conventional IVF ([Table 2](#pone.0186813.t002){ref-type="table"}). We failed to find significant difference between the two groups. When stratified by SET or not, it seemed that SET cycles had a trend to a lower risk of MZT but with no statistical difference (1.72%vs 2.75%).The incidence of MZT pregnancy was higher in cycles with maternal age younger than 35, but with non-significant difference (2.91% vs.1.62%; *P* = 0.071).The transfer of a blastocyst was associated with an increased possibility of MZT pregnancy compared to cleavage-stage ET (3.26% vs 2.19%; *P* = 0.044). The same analysis were repeated for frozen--thawed embryo cycles ([Table 3](#pone.0186813.t003){ref-type="table"}). We could not find any links between the incidence of MZT pregnancy and ICSI, SET and hormone replacement cycles. It can be inferred blastocyst transfer in FET cycles have higher incidence of MZT, but with no statistical difference (2.66% vs 1.74%, *P* = 0.069). The incidence of MZT pregnancy was significantly higher in cycles performed in women \<35 years of age (2.75% vs. 1.01%; *P* = 0.004).

10.1371/journal.pone.0186813.t002

###### Risk factors of monozygotic twin (MZT) in the fresh cycles.

![](pone.0186813.t002){#pone.0186813.t002g}

  -----------------------------------------------------------------------------------------------
                     MZT(MC-DA)\   Non-MZT\       total                       *P*   OR\[95%CI\]
                     (N = 81)%     (N = 3034)%                                      
  ------------------ ------------- -------------- --------------------------- ----- -------------
  Maternal Age                     0.071          0.487\[0.223--1.063\]             

  \<35 years old     74(2.91%)     2466(97.09%)   2540                              

  ≥35 years old      8(1.62%)      486(98.38%)    494                               

  Insemination                     0.358          1.240\[0.783--1.963\]             

  Conventional IVF   51(2.51%)     1982(97.49%)   2033                              

  ICSI               30(3.00%)     971(97.00%)    1001                              

  SET or not                       0.241          1.846\[0.663--5.141\]             

  SET                4(1.72%)      229(98.28%)    233                               

  Multi-ET           77(2.75%)     2724(97.25%)   2801                              

  Embryo stage                     **0.044**      **1.586\[1.013--2.484\]**         

  Cleavage           37(2.19%)     1649(97.81%)   1686                              

  Blastocys          44(3.26%)     1304(96.74%)   1348                              
  -----------------------------------------------------------------------------------------------

MC-DA, monochorionic-diamniotic; SET, Single embryo transfer; OR, odds ratio; CI, confidence interval; Boldface: *P*\<0.05

10.1371/journal.pone.0186813.t003

###### Subgroup analysis of different ART parameters on MZT incidence in the frozen-thawed cycles.

![](pone.0186813.t003){#pone.0186813.t003g}

  --------------------------------------------------------------------------------------------------
                        MZT(MC-DA)\   Non-MZT\       total                       *P*   OR\[95%CI\]
                        (N = 145)%    (N = 2953)%                                      
  --------------------- ------------- -------------- --------------------------- ----- -------------
  Maternal Age                        **0.004**      **0.366\[0.186--0.722\]**         

  \<35 years old        136(2.75%)    4802(97.25%)   4938                              

  ≥35 years old         9(1.01%)      879(98.99%)    888                               

                                      0.871          1.028\[0.735--1.437\]             

  Natural cycle         61(2.50%)     2377(97.50%)   2438                              

  Hormone replacement   84(2.48%)     3304(97.52%)   3388                              

  Insemination                        0.585          1.014\[0.774--1.574\]             

  Conventional IVF      98(2.41%)     3969(97.59%)   4067                              

  ICSI                  47(2.67%)     1712(97.33%)   1759                              

  SET or not                          0.446          1.265\[0.691--2.314\]             

  SET                   12(2.10%)     559(97.90%)    571                               

  Multi-ET              133(2.53%)    5122(97.47%)   5255                              

  Embryo stage                        0.069          1.576\[0.965--2.574\]             

  Cleavage              19(1.74%)     1070(98.26%)   1089                              

  Blastocyst            126(2.66%)    4611(97.34%)   4737                              
  --------------------------------------------------------------------------------------------------

MC-DA, monochorionic-diamniotic; SET, Single embryo transfer; OR, odds ratio; CI, confidence interval; Boldface: *P*\<0.05

Discussion {#sec017}
==========

MZT pregnancies are associated with an increased risk of maternal and fetal complications \[[@pone.0186813.ref007]\]. It is proved that monochorionic twins are associated with a higher perinatal morbidity and perinatal mortality rate than dizygotic twin pregnancies\[[@pone.0186813.ref010]\]. In our large cohort study, we reported the overall incidence of MC-DA monozygotic twins approached 2.55% of all clinical pregnancies after all embryo transfers cycles, including fresh and frozen--thawed embryo transfers. The data shows at least a five to six-fold rise in the incidence of MC-DA monozygotic twins after assisted reproductive techniques (ART) in the Chinese population, compared with natural conception\[[@pone.0186813.ref005],[@pone.0186813.ref008]\].

According to previous study, the thickness of the zona pellucida (ZP) was attenuation with increased age in women, which could make the embryo more vulnerable to ICM splitting\[[@pone.0186813.ref002],[@pone.0186813.ref014]\]. Later maternal age was considered as a risk factor of increasing the incidence of monozygotic twinning in natural cycles \[[@pone.0186813.ref002], [@pone.0186813.ref014]\]. However, we found that women \<35 years old were more likely to experience MZT than women older than 35 years, comparing to many other studies \[[@pone.0186813.ref013], [@pone.0186813.ref014]\]. Actually, we observed a nearly threefold increase in MZT after F-ET cycles (2.75% vs. 1.01%). This result may suggest the exact mechanism of high MZT rates after ART was different from natural conception. We inferred younger maternal age may have good-quality embryos which could be more likely to cause ICM splitting. Younger maternal age may be an independent risking factor of the incidence of MZT after ART, especially in FET cycles.

It has prompted discussion of a possible connection between micro-manipulation techniques (such as ICSI, AH, PGD) and increased MZT \[[@pone.0186813.ref015], [@pone.0186813.ref017], [@pone.0186813.ref026]--[@pone.0186813.ref028]\]. All the techniques manipulate the ZP in different ways and leave small defects in the ZP, which may cause ICM splitting and MZ twinning. In our center, assisted hatching is a routine application in the frozen cycles since 2011. Our previous and this study showed that this technique has no effect on MZT\[[@pone.0186813.ref029]\]. The zona of frozen embryos seems to be harder than fresh embryos. Our data failed to show any distinguishing characteristic of MZ twin conceptions with respect to frozen-thawed procedure and simple microscopic insemination technology (ICSI). Our study suggested that zona penetration (especially ICSI) and cryopreservation should not be included as the MZT risk factors. It seemed that embryos had a quick repair system when zona was slightly injured.

It has been widely reported that prolonged culture embryos to the blastocyst stage may facilitate embryo selection, reduce aneuploidy embryos and improve live birth rates. More and more studies reported an association between the incidence of MZT and blastocyst transfer \[[@pone.0186813.ref018],[@pone.0186813.ref020],[@pone.0186813.ref026], [@pone.0186813.ref030]\]. Accordingly, we also reported a 2.79% of pregnancies generated by blastocyst transfer were complicated by MZT, which was significantly higher than embryos transferred from cleavage stage (2.02%, *P* = 0.008). Although blastocyst transfer in FET cycles have a higher incidence of MZT than cleavage stage, but shows no statistical difference (2.66% vs 1.74%, *P* = 0.069). This divergence may be attributed to the limited cases of MZT. Though many theories explaining about the possible mechanism about how blastocyst transfer affects the MZT rate were focused on hardening of the ZP and culture media composition, there are more studies attributed this phenomenon on the high-quality embryos. They suggested that prolonged culture embryos may be more sensitive to the effects of mechanical manipulation or to changes in temperature and pH during monitoring, which might result in higher rates of MZT after blastocyst transfer. Recently, the data from a large cohort study showed that embryo cohort quality may be a key factor that explains the elevated incidence of MZT in blastocyst transfer \[[@pone.0186813.ref024]\]. In their opinion, blastocyst transfer is not associated with increased rates of monozygotic twins when controlling for embryo cohort quality.

In conclusion, the present study demonstrates a higher rate of monochorionic diamniotic(MC-DA) twinning after ART compared with spontaneous pregnancies. Patients \<35 years old and blastocyst transfer appears to be significantly associated with increased rates of MZT. Younger maternal age may be the main factor of MZT in the frozen cycles while blastocyst transfer played a more important role of the incidence of MZT in the fresh cycles. In view of the complications arising from MZT pregnancies, the high rate of MZT and the related risking factors should be taken into account before ART treatment.
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